DharmaFECT 1 or Lipofectamine RNAiMAX (both from Thermo Scientific) according to the manufacturer's instructions. For the overexpression experiments, the expression vectors for human LPA1-6 were described previously (2) . Transfection of these expression vectors was performed using Lipofectamine 2000 (Thermo Scientific) according to the manufacturer's instructions.
qRT-PCR analysis.
For the preparation of cDNA templates, total RNA was isolated by using QIAzol lysis reagent and an RNeasy mini kit (both from Qiagen, Valencia, CA). cDNA was synthesized from 500 ng of total RNA using a PrimeScript RT Reagent Kit (TaKaRa Bio) with random hexamers.
Quantitative PCR was performed using a LightCycler 480 instrument (Roche Diagnostics, Mannheim, Germany) with a KAPA SYBR Fast qPCR Kit (Kapa Biosystems, Wilmington, MA). The cycling conditions were as follows: initial denaturation at 95 °C for 30 sec, followed by 50 cycles of 95 °C for 5 sec, 60 °C for 20 sec, and 65 °C for 15 sec. The mRNA levels of the target genes were normalized to the standard housekeeping gene β-actin (ACTB) or glyceraldehyde 3-phosphate dehydrogenase (GAPDH) in HUVEC samples and the endothelial marker gene Pecam1 in mouse tissue samples. The primer sequences used to detect gene expression for LPA receptors and angiogenesis factors are listed in Supplemental Table 9 .
Luciferase reporter assay.
HUVECs (2 × 10 4 ) were seeded onto collagen-coated 24-well plates. Immediately after the medium change from EGM-2 BulletKit containing 2% FBS to EGM-2 BulletKit containing 0.1% BSA, the cells were transfected with serum response factor response element (SRF-RE)-firefly luciferase-pGL4.34 (Promega, Madison, WI) and SV40-Renilla luciferase-pRL-SV40 (Promega) using Lipofectamine 2000. After a 4-h incubation at 37 °C, cells were treated with 10 µM LPA for 6 h and lysed using passive lysis buffer for the Dual Luciferase assay (Promega). In some experiments, cells were treated with 10 µM Y27632 or Ki16425 for 10 min before LPA stimulation. Firefly and Renilla luciferase activities in the cell extracts were determined with a MiniLumat LB9506 luminometer (Berthold, Bad Wildbad, Germany). Firefly luciferase values were standardized to Renilla ones.
Intracellular calcium influx measurements.
HUVECs (3 × 10 6 ) were seeded onto 10-cm collagen-coated dishes, cultured for 24 h in EGM-2 BulletKit containing 2% FBS, and serum-starved for 8 h in EGM-2 BulletKit containing 0.1% BSA. Cells were detached with PBS containing 2 mM EDTA, washed with buffer A (Hanks' balanced salt solution containing 25 mM HEPES-NaOH [pH 7.4], 1 mM CaCl 2 , 1 mM MgCl 2 , and 0.1% BSA), and loaded with 3 µM Fura-2 AM (Dojindo, Kumamoto, Japan) in buffer A with 0.01% pluronic acid (Molecular Probes, Eugene, OR) at 37 °C for 1 h. Then, cells were washed with buffer A and re-suspended in buffer A at a density of 1 × 10 6 cells/ml. The cell suspension (0.5 ml) was applied to a CAF-110 spectrofluorometer (Jasco, Tokyo, Japan). Upon adding 5 µl of 100 × ligand solution, the intracellular Ca 2+ concentration was measured by determining the ratio of emissions at 500 nm after being excited by 340-and 380-nm light, as previously described (3) .
Measurement of cAMP production.
HUVECs (1 × 10 4 ) were seeded onto collagen-coated 96-well plates, cultured for 24 h in EGM-2 BulletKit containing 2% FBS, and serum-starved for 16 h in EGM-2 BulletKit containing 0.1% BSA. Cells were washed with buffer A and incubated in 50 µl of buffer A with 0.5 mM 3-isobutyl-1-methylxanthine (Sigma-Aldrich) for 15 min at room temperature.
Reactions were initiated by adding 50 µl of 2 × ligand solution with or without 40 µM forskolin (Sigma-Aldrich; from a 10 mM stock in DMSO stored at -30 °C) for Gαi or Gαs protein activation, respectively. After a 30-min incubation at room temperature, reactions were terminated by adding 10 µl of 10% Tween-20, followed by overnight storage at 4 °C. The cAMP concentration in the cell lysate was determined using an AlphaScreen cAMP assay kit (PerkinElmer, Waltham, MA) as recommended by the manufacturer.
Protein extraction and western blotting.
HUVECs were lysed in lysis buffer (50 mM Tris HCl [pH 7.4], 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 1% sodium dodecyl sulfate [SDS], and 1% sodium deoxycholate) containing phosphatase inhibitors (1 mM Na 3 VO 4 and 1 mM NaF) and a protease inhibitor cocktail (cOmplete; Roche Diagnostics). Lysates were centrifuged at 10,000 × g for 5 min, and the supernatant was collected. Protein concentrations were determined by BCA assay (Thermo Scientific). The resultant protein samples were diluted in sample buffer (25 mM Tris HCl [pH 6.5], 1% SDS, 5% glycerol, 0.05% bromophenol blue, and 5% 2-mercaptoethanol). Equal amounts of total proteins were electrophoresed on 8% SDS-polyacrylamide gels and then transferred onto polyvinylidene difluoride membranes. Gels containing phos-tag (Wako) were prepared according to manufacturer's instructions. YAP proteins can be separated into multiple bands in the presence of phos-tag depending on differential phosphorylation levels, with phosphorylated proteins migrating more slowly. After blocking with 5% skim milk in TBS-T (20 mM Tris-buffered saline [pH 7.6] and 0.1% [v/v] Tween 20), the blots were incubated overnight at 4 °C with one of the following primary antibodies: Gα12 (#sc-409), Gα13
(#sc-410), YAP (#sc-15407) (Santa Cruz Biotechnology, Santa Cruz, CA), TAZ (#4883), phospho-YAP (Ser127; #4911), Dll4 (#2589), β-catenin (#8480), pan-TEAD (#13295), and β-actin (#4967) (Cell Signaling Technology). The membranes were then washed with TBS-T and incubated with horseradish peroxidase-conjugated anti-rabbit IgG secondary antibody (Santa Cruz Biotechnology) for 1 h at room temperature. The proteins were visualized using ImmunoStar LD (Wako) and a C-DiGit blot scanner (LI-COR Biotechnology, Lincoln, NE). To evaluate phosphorylation of Akt, HUVECs transfected with YAP/TAZ siRNA or control siRNA were starved for 8 h, and stimulated with 50 ng/ml VEGF-A(PeproTech, Rocky Hill, NJ), 400 ng/ml Ang-1 (R&D Systems), or 10% FBS for 10 min. Cell were then washed with ice cold PBS and lysed in lysis buffer containing phosphatase inhibitors and a protease inhibitor cocktail.
Aliquots of cell lysate were subjected to SDS-PAGE and western blotting with pan-Akt (#4691) and phospho-Akt (Ser473; #4060) (Cell Signaling Technology).
Isolation of mouse lung ECs.
Lungs were excised from 6-week-old male mice, minced well with a razor blade, and digested with 50 U/ml DNase I (Sigma-Aldrich) and 0.26 U/ml Liberase (Roche Diagnostics) in DMEM for 45 min at 37°C. Digested tissue was filtered through a 40-µm cell strainer (BD Biosciences).
Lung ECs were purified from the cell suspension for 15 min at room temperature using positive selection with rat anti-mouse PECAM-1 antibody (#553370, BD Biosciences) that was preconjugated to sheep anti-rat IgG Dynabeads (Thermo Scientific) overnight at 4°C. Lung ECs were cultured on 0.2% gelatin-coated tissue culture dishes until they became confluent in DMEM supplemented with 20% FBS and Endothelial Mitogen (Biomedical Technologies, Stoughton, MA). Then, cells were further purified after trypsinization using the Dynabeads coupled to anti-PECAM-1 antibody.
Flow cytometry.
Cells were incubated with 2 µg/ml phycoerythrin-conjugated anti-mouse PECAM-1 antibody (clone MEC 13.3; BD Biosciences) in PBS containing 2% goat serum for 1 h at room temperature. After washing with PBS, cells were analyzed with a flow cytometer (BD Accuri C6, BD Biosciences).
Immunofluorescence staining of YAP.
HUVECs and mouse lung ECs were grown to confluence at 37 °C under 5% CO 2 on collagen-coated glass-bottom dishes (Mat Tek Corporation, Ashland, MA), washed with PBS, and fixed with 4% PFA at room temperature for 10 min. To determine whether YAP was localized with internal compartments, cells were permeabilized with 20% permeabilization buffer (IntraPrep; Beckman Coulter, Fullerton, CA) at room temperature for 10 min, washed with PBS, and incubated with anti-YAP primary antibody (diluted 1:100; sc-15407, Santa Cruz Biotechnology) at room temperature for 1 h. After washing with PBS, cells were then incubated with Alexa Fluor 488-conjugated anti-rabbit IgG secondary antibody (diluted 1:200; Abcam) at room temperature for 1 h. Nuclei were stained with 4´,6-diamidino-2-phenylindole (DAPI; diluted 1:100,000; BioLegend, San Diego, CA). Fluorescent images of labeled cells were acquired using a laser scanning confocal microscope (LSM 510 META; Carl Zeiss). More than five microscopic fields were randomly chosen, and cells displaying preferential nuclear YAP localization, even distribution of YAP in nucleus and cytoplasm, or cytoplasmic YAP localization were counted.
Proliferation assay.
Forty-eight h after transfection with LPA4 and LPA6 siRNAs, HUVECs were trypsinized and seeded onto 96-well plates at 5.0 × 10 3 cells per well. Cell proliferation was analyzed using thiazolyl blue tetrazolium bromide (Sigma-Aldrich) according to the manufacturer's instructions. Figure 16 . 
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